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(57) ABSTRACT 

Device and method for recording the visual properties of a 
surface, comprising an imaging device for recording light 
interaction (re?ection or transmission) With a surface, a light 
source, and a sample area for positioning a sample With a 
surface to be examined. The imaging device, the light 
source, and the sample area are arranged in such a Way that 
in one image at least one of the surface properties is 
recordable as a function of a continuous range of angles 
between the illumination direction and the observation 
direction. The imaging device is a CCD camera. The device 
and method are suitable for imaging and evaluating visual 
properties Which are dependent on the optical geometry, 
such as ?op behavior and gloss. 

11 Claims, 6 Drawing Sheets 
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METHOD AND DEVICE FOR SURFACE 
EVALUATION 

This application claims priority of European Patent Appli 
cation No.: 012012761, ?led on Apr. 6, 2001 and also 
claims priority of US. Patent Application No.: 60/291,046, 
?led on May 15, 2001. 

FIELD OF THE INVENTION 

The invention relates to a method and a device for 
recording the visual properties of a surface, for example the 
colour, gloss, texture, etc. of pigmented coating ?lms, using 
an imaging device, a light source, and a sample area for 
positioning a sample With a surface to be examined. The 
visual appearance of a surface can be dependent on optical 
geometry, optical geometry being de?ned as the positioning 
of an observed object relative to an observer and a light 
source. This dependency can occur for example in ?lms of 
coatings comprising e?fect pigments. The dependency of 
visual properties on optical geometry is generally called 
goniochromatism, or ?op behaviour. In optical geometry, the 
observation direction is the line betWeen the observer and an 
observed point on the observed object, and the illumination 
direction is the line betWeen the light source and the 
observed point. The aspecular direction is the direction of a 
line mirroring the illumination direction by a mirror plane 
perpendicular to the sample surface. The ?op angle, also 
called the aspecular angle, is the angle betWeen the obser 
vation direction and the specular direction. Also gloss, of 
either effect or non-elfect ?lms, is dependant on the optical 
geometry. 

BACKGROUND OF THE INVENTION 

Effect pigments are used in coatings to obtain optical 
effects, such as a metallic or pearlescent look. Typically, in 
a ?lm of a coating comprising metallic pigments lightness is 
dependent on the optical geometry, Whereas With coatings 
comprising pearlescent pigments the hue changes With the 
optical geometry. This complicates the characteriZation of 
the visual appearance of such coating ?lms. A further 
complication in this respect is the appearance of local strong 
scattering spots in the coating ?lm When it is observed from 
a short distance, due to the presence of pigment ?akes. 
Whereas a solid colour can be Wherein by the spectral 
distribution of re?ectance values, coatings comprising e?fect 
pigments require taking the angular and spatial dependency 
into account. Hitherto, the dependency of the lightness and 
colour of metallic and pearlescent coatings on optical geom 
etry Was examined by using a spectrophotometer at a limited 
number of different measuring geometries. HoWever, this 
results in an incomplete picture giving data at only a very 
limited number of optical geometries. 
US. Pat. No. 5,550,632 discloses a method and an 

arrangement for evaluating paint ?lms using a digital photo 
camera. Only one optical geometry is used per recording, 
and since the camera is focussed, only one ?op angle. Since 
the appearance of a coating layer comprising e?fect pigments 
is dependent on the ?op angle, this method cannot be used 
for the evaluation of such effect coatings in one recording. 

SUMMARY OF THE INVENTION 

The object of the invention is a system alloWing the 
evaluation of a surface in a single recording over a continu 
ous range of ?op angles. 

Additionally, the object of the invention is a device for 
recording the visual properties of a surface, comprising an 
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2 
imaging device for recording light interaction With a surface, 
a light source, and a sample area for positioning a sample 
With a surface to be examined. The imaging device, the light 
source, and the sample area are arranged in such a Way that 
in one image at least one of the surface properties is 
recordable as a function of a continuous range of angles 
betWeen the illumination direction and the observation 
direction. 
A further object of the invention is achieved by a device 

for recording the ?op angle dependent properties of a 
surface, comprising an imaging device for recording light 
interaction by a surface, a light source, and a sample area for 
positioning a sample With a surface to be examined, Wherein 
in that the scope of the imaging device covers a continuous 
range of observation directions and in that the imaging 
device, the light source, and the sample area are arranged in 
such a Way that in one image at least one of the surface 
properties is recorded as a function of the ?op angle. The 
recording can be used for visual inspection and comparison 
or, depending on the capability of the imaging device to 
quantify recorded signals, for measurement or data process 
ing. Particular examples of use are gloss measurement and 
colour matching. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A device or arrangement according to the present inven 
tion is particularly suitable for evaluating the ?op behaviour, 
or goniochromatism, of a surface coated With a coating 
containing e?fect pigments. 
To get a useful picture of ?op behaviour, the range of ?op 

angles, as de?ned above, should preferably span more than 
40 degrees, more preferably more than 50 degrees. 

For some types of surfaces, such as coating ?lms con 
taining metallic pigments, the colour is darker at larger ?op 
angles. To utiliZe the full measurement range in such a case, 
the light distribution is preferably varied over the vieWing 
scope of the imaging device, preferably according to an 
increasing or decreasing function. This function is depen 
dent on the type of material. The light distribution can be 
varied by varying the light output of the light source as a 
function of the illumination angle. Alternatively, the light 
distribution can be varied by using suitable ?lters. 

In a preferred arrangement, the light source can be a line 
source, such as a TL strip light, a horiZontal slit in a light 
dilfusor, an array of point sources, such as LEDs or glass 
?bres, etc. Alternatively, the light source may be a point 
source. 

A suitable imaging device in an arrangement according to 
the invention is a CCD camera, or Charge Coupled Device 
camera. Suitable CCD photo cameras are for instance the 
Ricoh® RDC 5000, the Olympus® C-2000Z, the Minolta® 
Dimage® RD 3000, and the Nikon® Coolpix® 950. 

Digital video cameras form another group of suitable 
devices Which can be used to implement the present inven 
tion. Using a video camera the ?op angle can be varied not 
only as a function of location, but, alternatively or addition 
ally, as a function of time. Using a video camera also makes 
it possible to monitor time-dependent changes in the visual 
appearance of the examined surface over a period of time, 
for instance the appearance of a coating ?lm during curing. 

Using a digital camera, every recorded image is com 
posed of a large number of pixels. Every pixel has a red 
value R, a green value G, and a blue value B. Ideally, 
calibrated R, G, and B values for a purely black surface 
should all be 0, Whereas for an ideal purely White surface, 
each of these three values should be equal to a prede?ned 
maximum value. The maximum value is equal to 2”—1, 
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wherein n is the number of bits de?ning a pixel. If an 8-bits 
pixel depth is used, this maximum value is 255. 
When metallic coatings are examined, the lightness can 

exceed the lightness of White locally. This should be taken 
into account, for example by choosing a maximum White 
value loWer than 2”—1. 

For accurate colour measurement, it is preferred to cali 
brate the measurements periodically. When a CCD camera is 
used, calibration can for example be carried out by ?rst 
separately recording a black sample and a White sample. The 
R,G,B values of the black value are subtracted from the R, 
G, and B values of the White sample and of the measured 
sample in question. Subsequently, the R, G, and B values of 
the measured sample are divided by the corresponding 
values of the White calibration sample and are multiplied 
With the maximum White value. This means that for every 
pixel in the image, a calibrated value Rm] of the R value is 
calculated using the folloWing formula: 

R CaF25 5 * (R “R black)/(Rwhite_R black) 

In this formula, Rblack is the R value of a pixel in the black 
sample, Whereas RWhl-te is the R value of a pixel in the White 
sample. Calibrated values for the B and G values are 
calculated correspondingly. This correction accounts for 
deviations in the light sensitivity of the pixels and for the 
variation in illuminant intensity as a function of optical 
geometry. Optionally, the R, G, and B values can be cor 
rected for time-dependent variations in light intensity. This 
can be done for example by applying a parallel White strip 
to the sample. For calculation purposes, the sample and the 
White strip are considered to be divided along the longitu 
dinal axis of the sample by a large number of virtual parts. 
For every sample part, the average R, G, and B values Rav, 
Gav, and BM are determined. Similarly, for every White strip 
part, the average R, G, and B values RWhl-te_av, Gym-MW, and 
B are determined. The corrected R value R for each white-av cor 

sample part is then calculated using the folloWing formula: 

11605255*(Raw/Rwhiiewi 

G60, and B are calculated accordingly. 
The most common systems for calorimetric data have 

been laid doWn by the Commission International de 
I’Eclairage (CIE), e.g., CIELab (L*, a*, b*), CIEXYZ (X, Y, 
Z), and CIELuv (L*, u*, v*). These systems take the 
sensitivity of the human eye into account. The R, G, and B 
values, as measured by a CCD camera, can be converted to 
L*, a*, b* values of the CIELab system. 

The mathematical model selected may be any model 
knoWn to the skilled person. Examples are mentioned in H. 
R. Kang, Color Technologyfor Electronic Imaging Devices, 
SPIE Optical Engineering Press, 1997, chapters 3 and 11, 
and in Us. Pat. No. 5,850,472. The model may be non 
linear or linear. One example of a non-linear model is a 2'” 
order polynomial having 10 parameters or a 3rd order poly 
nomial having 20 parameters. Preferably, use is made of a 
linear model. More preferably, the linear model used has 4 
model parameters. 
One example of a linear model having 4 parameters is the 

folloWing model, Where the measured colour signals of the 
calibration colours, in this case R, G, and B data, are 
converted to colorimetric data, in this case CIELab data: 

00 r 

wherein R, G, B- are the measured signals and Ll-*, al-*, and 
bl-* are the colorimetric data of calibration colour i. 
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4 
Linear regression is used to calculate the 12 model 

parameters C0-C3, dO-d3, and eO-e3 from the measured RGB 
data and the knoWn CIELab data (CIE 1964 standard 
colorimetric observer) of the calibration colours. These 
model parameters are used to convert the measured RGB 
data of the selected colour to CIELab data. 
One example of a non-linear 3rd order polynomial having 

20 parameters is: 

bl-*:eo+e1Ri+e2Gi+e3Bi+e4Ri2+e5Gi2+e6Bi2+e7RiGi— 
e8Rr'Bi+e9GiBi+e1ORi3+e11Gi3+e12Bi3+e13Ri2Gi+ 
e14Ri2Bi+e15Gi2Ri+el6Gi2Bi+el7Bi2Ri+el8Bi2Gi+ 
e19RiGiBi 

Linear regression is used to calculate the 60 model 
parameters cowlg, dO:d19, and eo:el9 from the measured 
RGB data and the knoWn CIELab data of the calibration 
colours. These model parameters are used to convert the 
measured RGB data of the selected colour to CIELab data. 

Notwithstanding the above, it is possible to lend greater 
Weight to the calibration colours in the vicinity of the 
selected colour When calculating the model parameters. In 
the case of the above example of a linear model having 4 
parameters, this means that during the linear regression each 
calibration colour is given a Weighting factor based on the 
distance in the RGB colour space betWeen the calibration 
colour in question and the selected colour. In the linear 
regression procedure the folloWing sum of squares is mini 
miZed: 

i wo- — if 

Wherein Wl- is a Weighting factor, yl- is the L*l-, al-*, or bl-* 
based on spectral measurements and 91. is the calculated 
value for L*,, al-*, or bl-* based on the RGB to CIELab 
conversion. 

With 91. being equal to cO+clR+c%G+c3B (see above), and 
Wl- being equal to ((Rl—R)2+(G1—G) +(Bl-—B)2)_2, this sum is 
as follows: 

Wherein 
n : is the number of calibration colours 

R, G, B: are the measured signals of the selected colour 
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Alternatively, it is possible to use the calibration colours 
in the vicinity of the selected colour for interpolation. If so 
desired, grey balancing may be performed on the signals 
measured for black, White, and grey according to the for 
mula R:G:B:f(L*) or a comparable value for L* in a 
di?‘erent calorimetric system. Such grey balancing is 
described in H. R. Kang, Color Technology for Electronic 
Imaging Devices, SPIE Optical Engineering Press, 1997, 
chapter 11. 

Using image processing software, such as the computer 
program Optimas® commercially available from Media 
Cybernetics, or the program Image ProPlus® available from 
the same company, individual particles can be identi?ed by 
recognition of differing luminance relative to the particle’s 
background. These particles can for instance be metallic 
pigments or clusters of metallic pigments. After identi?ca 
tion of the particles, the number of particles, and image 
parameters like particle siZe, particle shape, the length of the 
shortest and the longest axis, as Well as the R, G, and B 
values of the particles can be determined by the image 
processing softWare. This data optionally can be averaged 
per strip part, or per larger part if so required. 

The data determined on the basis of the images can for 
example be used to search for a coating formulation giving 
a matching surface coating. To this end, the measured data 
can be compared With data from a colour formulation 
database. 

To enhance the scope of the imaging device, the light 
source can optionally comprise a set of mirrors. It has been 
found that using mirrors in a suitable arrangement can 
enhance the scope to about 90 degrees or even more. 

Although the light source may be a permanent light 
source, a ?ash light is preferred to minimize the use of 
energy. If permanent light sources are used, the camera 
should be set at a suitable exposure time. Suitable light 
sources are for instance tungsten halogen lamps or xenon 
lamps. 

In a particularly preferred embodiment, the light source 
comprises a light di?‘using housing discharging light via a 
slit. The longitudinal side of the slit is arranged substantially 
parallel to the sample surface, Whereas the short side is 
substantially perpendicular to the sample surface. In such an 
arrangement, a light sensor can be used to control the light 
output. In a preferred embodiment of such a di?‘usor, the slit 
is bordered by a substantially horizontal Wall at the inner 
side of the di?‘usor. This Way, the light intensity at the 
sample surface is a function of the ?op angle. On positions 
at a smaller angular distance to the dilfusor, the light 
intensity is less than at larger angles. 

In a further preferred embodiment of the device according 
to the present invention, the spectral distribution of the light 
is varied in one image as a function of the position on the 
sample, e.g., by using di?‘erent light sources or using a set 
of ?lters, a grating, or a prism. This enhances the number of 
independent measurement data and thus improves colour 
accuracy. This can be done for example by varying the light 
from the light source or by varying the spectral distribution 
of the light just before it enters the imaging device. Prefer 
ably, the spectral distribution of the illumination is varied 
perpendicular to the variation of optical geometry. 

To eliminate any e?‘ect of environmental light, the device 
according to the invention preferably comprises a housing. 

The present invention includes a method of surface evalu 
ation as described above Wherein, in general, the recorded 
light interaction is the light re?ection of a sample. HoWever, 
if the sample is transparent or semi-transparent, the recorded 
light interaction can be light transmission. In that case, the 
sample is positioned betWeen the imaging device and the 
light source. 
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6 
Flat samples can be used. HoWever, if so required, curved 

samples may also be suitable for the examination of ?op 
behaviour. 
The invention is further described and illustrated by the 

draWings. In the draWings: 
FIG. 1: shoWs a schematic overvieW of a recording 

arrangement according to the invention; 
FIG. 2: shoWs a recording by the arrangement of FIG. 1; 
FIG. 3: shoWs schematically an alternative arrangement 

according to the invention; 
FIG. 4: shoWs a plot of the ?op angle as a function of the 

position, as recorded by the arrangement of FIG. 3; 
FIG. 5: shoWs a third alternative arrangement according 

to the invention; 
FIG. 6: shoWs a fourth alternative embodiment of the 

invention; 
FIG. 7: shoWs the change in the ?ltered Wavelength 

ranging over a sample imaged in a device according to FIG. 

FIG. 8: shoWs a sample With a parallel reference sample 
for gloss measurement. 

FIG. 1 shoWs an arrangement 1 according to the present 
invention, comprising a light source 2, a CCD camera 3 as 
a recording device, having a vieWing angle a ranging from 
a ?rst outer end observation direction 4 closest to the light 
source to a second outer end observation direction 5. A 
coated sample 6 is located under the camera 3. The light 
source 2 is a line source parallel to the sample surface. The 
light source 2 is located outside the direct scope of the CCD 
camera 3. The line betWeen the light source 2 and the point 
Where the observation direction 4 meets the sample 6 de?nes 
a ?rst illumination direction 7, Which is re?ected by the 
sample 6 in a direction de?ned as the ?rst specular direction 
8. Similarly, the line betWeen the light source 2 and the point 
Where the observation direction 5 meets the sample 6 de?nes 
a second illumination direction 9, Which is re?ected by the 
sample 6 in a direction de?ned as the second specular 
direction 10. In the draWing, the outer ?op angle O1 is the 
angle betWeen the ?rst observation direction 4 and the ?rst 
specular direction 8, Whereas the outer ?op angle O2 is the 
angle betWeen the second observation direction 5 and the 
second specular direction 10. The angular range between 81 
and O2 may span up to about 90 degrees. 

FIG. 2 shoWs a recorded image recorded by the arrange 
ment of FIG. 1. It is the image of a sample coated With a 
metallic paint. The ?gure shoWs hoW brightness varies With 
the ?op angle. The image in FIG. 2 also shoWs a change in 
coarseness over the length of the sample, as Would also be 
experienced by the human eye. 

FIG. 3 shoWs an alternative arrangement according to the 
invention, Where the ?op angle scope is enhanced by the use 
of a mirror 11. The mirror 11 is arranged in such a Way that 
it re?ects the sample part right next to the outer end of the 
camera’s vieWing angle scope most distant from the light 
source 2. In the image observed by the camera 3, the scope 
closest to the light source 2 is replaced by an extension of the 
scope on the other side. From right to left, the recording 
shoWs the scope from O3 to O5 and subsequently the scope 
from O4 to O2. The scope from O1 to O4 is not visible 
anymore on the recording. 

FIG. 4 shoWs the ?op angle as a function of the position 
in an arrangement similar to the arrangement of FIG. 3, 
position 0 being right under the camera. The mirrored part 
of the sample overlaps the part from about 20 mm to 25 mm. 

Optionally, the sample can be recorded in tWo (or even 
more) separate parallel strips, one With a mirror enhanced 
scope and the other Without. This Way, the full enlarged 
scope ranging from O1 to O2 and the scope ranging from O5 
to 83 can be recorded. If 85 is equal to O2, then a closed 
range from O1 O3 is covered. 
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FIG. 5 shows an arrangement similar to the arrangement 
of FIG. 1 With a camera 3 right above a sample 6 Where a 
light source 12 comprises a standard ?ash light 13, available 
under the trademark MetZ 45CT-l. The ?ash light 13 com 
prises a transparent side 14. At the transparent side 14, the 
?ash light is connected to the ?at upper side 15 of a di?‘usor 
16 comprising a semi-cylindrical part 17. This ?at side 15 is 
open Where it is in connection With the transparent side 14 
of the ?ash light 13. The inner side of the di?‘usor 16 is 
covered With a White coating. Where it does not coincide 
With the transparent side 14 of the ?ash light 13, the ?at side 
15 is closed by a horiZontal Wall 18, Which on its inside is 
provided With a White coating. The edge betWeen the outer 
end of the horizontal Wall 18 and the semi-cylindrical part 17 
is provided With a vertical slit 19 extending over the Width 
of the di?‘usor 16. 
When the ?ash light 13 ?ashes, the light is dilfused by the 

re?ective coatings at the inner side of the di?‘usor 16. Part 
of the light is re?ected by the re?ective layer of the hori 
Zontal Wall 18 through the slit 19 onto the part of the sample 
6 to be imaged. As can be seen in FIG. 5, at the outer vieWing 
direction of the camera’s vieWing angle scope closest to the 
di?‘usor 16, the sample 6 is illuminated by a considerably 
smaller part of the re?ective horiZontal Wall 17 than at the 
camera’s outer vieWing direction distant from the di?‘usor 
16. This Way, the light density is a function of the angular 
distance from the light source. The function can be varied 
With the orientation of the slit With respect to the sample 
surface. 
A glass ?bre cable 20 connects the space enclosing the 

?ash light 13 to a light sensor 21 controlling the time interval 
at Which the ?ash light 13 ?ashes. Part of the light di?‘used 
in the di?‘usor 16 escapes via the glass ?bre cable 20 to the 
light sensor 21. The quantity of light passing the glass ?bre 
cable 20 is measured by the light sensor 21. When a 
pre-de?ned quantity of light has passed the glass ?bre cable 
20, the sensor 21 stops the ?ash light 13. This Way, it is 
ensured that every ?ash gives exactly the same quantity of 
light. 

FIG. 6 shoWs a further alternative embodiment of a device 
according to the invention, comprising an imaging device 3 
and a light source 2. A sample 6 is located under the imaging 
device 3. A set of ?lters and a grating or a prism 24 are 
positioned betWeen the light source 2 and the sample 6. The 
spectral distribution of the illumination is varied in one 
image as a function of the position on the sample. FIG. 7 
shoWs the result of the preferred embodiment Where the 
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spectral distribution of the illumination is varied perpen 
dicular to the variation of optical geometry. 

FIG. 8 shoWs that the gloss behaviour of a sample can be 
Wherein as a function of optical geometry. This particular 
example shoWs in one image the di?‘erence betWeen a high 
gloss sample 25 and a loW gloss sample 26. 
The invention claimed is: 
1. A method for recording goniochromatic propertries of 

a paint ?lm using an imaging device for recording light 
interaction With a surface, a light source, and a sample area 
for positioning a sample With a paint ?lm to be examined, 
Wherein the imaging device, the light source, and the sample 
area are arranged in a triangular arrangement for recordal in 
one image of at least one of the goniochromatic properties 
of the paint ?lm as a function of a continuous range of ?op 
angles betWeen the specular direction and the observation 
direction. 

2. The method according to claim 1, Wherein the ?op 
angle is more than 40 degrees. 

3. The method according to claim 1, Wherein the light 
intensity by the light source varies over the scope of the 
imaging device. 

4. The method according to claims 1, Wherein light source 
is a line source. 

5. The method according to claim 1, Wherein the imaging 
device is a CCD camera. 

6. The method according to claim 1, Wherein the device 
comprises a set of mirrors enhancing the scope of the 
imaging device. 

7. The method according to claim 1, Wherein the light 
source is a ?ash light comprising a light output control. 

8. The method according to claim 1, Wherein the device 
comprises a set of ?lters and a grating or a prism for 
variation of the spectral distribution of the illumination or 
the spectral distribution of the light entering the recording 
device as a function of the position on the sample. 

9. The method according to claim 1, Wherein one of the 
goniochromatic propertries is the gloss of the sample. 

10. The method according to claim 1, Wherein the 
recorded light interaction is the light re?ection of a sample. 

11. The method according to claim 10, Wherein the 
recorded light interaction is the light transmission of a 
semi-transparent sample. 

* * * * * 


